The Tevatron at Fermilab continues to collect data at high luminosity resulting in datasets in excess of 6 fb −1 of integrated luminosity. The high collision energies allow for the observation of new heavy quark baryon states not currently accessible at any other facility. In addition to the ground state Λ b , the spectroscopy and properties of the new heavy baryon states Ω b , Ξ b , and Σ ( * ) b as measured by the CDF and DØ Collaborations will be presented.
INTRODUCTION
Until within a few days of this conference, the Tevatron has had the highest effective energy collisions in the world, and a great deal of the program focuses on high-p T physics. However, it also provides excellent opportunities to study heavy quark state spectroscopy due to the huge rate and access to large masses. The large rate allows the use of relatively rare decays or rare decays of products to ensure reconstruction of new states with low backgrounds.
Heavy quark hadrons are the hydrogen atom of QCD, and b hadrons offer the heaviest quarks that form bound systems. The study of their spectroscopy provides sensitive tests of potential models, Heavy Quark Effective Theory (HQET [1] ), and all regimes of QCD in general, including the non-perturbative regime described by lattice gauge calculations [2] . In addition, decays into heavy quarkonia provides a rich hunting ground for exotics.
There has been somewhat of a "renaissance" of new heavy flavor spectroscopy results these past few years with new data coming from the B factories and the Tevatron. This contribution focuses on new experimental results on heavy b baryons from the CDF and DØ Collaborations running on the Tevatron at Fermi National Laboratory. Results on the spectroscopy of heavy quark mesons at the Tevatron are presented elsewhere in these proceedings [3] .
The Tevatron has the capability of producing heavier states not accessible at the B factories running at the ϒ(4S), i.e., the heavy B mesons: B 0 s (bs, the ground state with the spins of the quarks anti-aligned), B * s (bs, with the spins of the quarks aligned), B c (bc, the ground state), B * * (bd, with the quarks having relative orbital angular momentum), and B * * s (bs, with the quarks having relative orbital angular momentum); and the heavy b baryons:
(buu and bdd), and Ξ b (bsd), with many more baryonic states possible from the remaining combinations of quarks.
Charge conjugate modes and reactions are always implied in this contribution.
NEW b-FLAVORED BARYONS
Until recently, the only directly observed b baryon was the Λ b [4] (there is indirect evidence for Ξ b through Ξ-lepton correlations at LEP [8] ). As the Tevatron collects larger and larger data-sets, the prospects improve for observing the rarer b baryons in decay channels providing good triggers. If we consider combinations of only the heavier b quark and the three light quarks s, d, and u quarks, multiplets of possible states are shown in Fig. 1 , very similar to the multiplets for charm baryons. Double-heavy baryons containing both a charm and b quark, or two b quarks are not shown here. We can consider a heavy b baryon as a L = 0 "atomic" system if we take the heavy b quark approximately at rest in the rest frame of the b baryon, and orbited by the diquark of the two light quarks. The two light quarks in the diquark can be anti-aligned, giving diquark spin s= 0 as for the ground state [10] , the absolute masses are measured to be:
MASSES OF Σ
These values can the be used to calculate various mass splittings of interest as shown in Table 1 and compared to expectations [9] . Theoretical predictions are discussed thoroughly elsewhere in these proceedings [12] and show good agreement with measurements. 
Hyperfine splitting 10 -40 21.1
WEAKLY DECAYING b BARYONS
Both CDF and DØ take advantage of the distinctive and easy-to-trigger signature of J/ψ → µ + µ − to generally identify weakly decaying baryons via the quark-flow diagram shown in Fig. 3 , and in this case, leading to the observation of new b baryons containing s quarks. Both collaborations reconstruct the new state in the decay chain
The reconstruction of the charged Ξ ± with an average decay length of approximately 5 cm is challenging in the tracking systems. CDF uses silicon-only tracking, a first for an experiment at a hadron collider, and also modified their vertexing software to include this supplement. DØ reprocesses tracks using special parameter settings to improve the efficiency to reconstruct tracks with high impact parameters. In 1.1 fb −1 of data, DØ reconstructs 1151 ± 46 Ξ ± baryons, and in 1.9 fb −1 of data, CDF reconstructs 23500 ± 340 Ξ ± baryons. Further selection cuts based on momenta, decay lengths, and vertex quality with the J/ψ are made, with selections optimized on wrong-sign data and signal Monte Carlo samples by DØ, and on a B + → J/ψK + control sample by CDF. The resulting invariant mass distributions, including mass constraints to the J/ψ mass, are shown in Fig. 4 with signal yields of 15.2 ± 4.4 events (significance of 5.5σ above background) and 17.5 ± 4.3 events (significance of 7.7σ above background) for DØ and CDF, respectively. DØ also observes a lifetime consistent with expectations for signal candidates. Using this data, CDF measures a mass of M(Ξ b ) = 5792.9 ± 2.4 ± 1.7 MeV. Using an integrated luminosity of 4.2 fb −1 , CDF has now made a comprehensive reconstruction of b hadrons decaying into J/ψ and have subsequently updated [15] their Ξ b mass measurement (see following subsection for mass distribution), resulting in:
M(Ξ ± b ) = 5790.9 ± 2.6 ± 0.9 MeV CDF.
Using this same updated data set, CDF also measures the relative production rate for Ξ b for 6 < p T (b baryon) < 20 GeV as well as the first measurement of the exclusive Ξ ± b lifetime: These measurements show good agreement compared to theoretical predictions [16] as shown in Fig. 5 .
Properties of the Ω b Baryon
Both the DØ and CDF Collaborations have published observations [17, 15] of the doubly strange bss baryon Ω b via the decay chain Ω − b → J/ψΩ − , Ω − → ΛK − , Λ → pπ − . DØ reconstructs Ω − baryons as shown in Fig. 6(a) and applies a veto against Ξ − → Λπ − decays in this selection. Due to the long decay lengths of the Ω − , special track reprocessing is made to the inclusive J/ψ data set to increase the efficiency for reconstructing tracks with large impact parameters. As shown in Fig. 6(b) , in 1.3 fb −1 of data, DØ observes 17.8 ± 4.9 ± 0.8 signal candidates after selection cuts, with a statistical significance of 5.4σ from the ratio of likelihoods of fits to signal plus background to background alone. When a "trials" factor is included, this significance is 5.05σ [18] , and remains greater than 5σ with systematic checks. DØ measures a mass of:
At the time of the publication, the range of expected theoretical values for this state was 5.94 -6.12 GeV. Since the measured value was greater than expectations, careful checks were made including mass measurements in Monte Carlo samples, generous variation of selection criteria, and a thorough check that the fitted masses of Λ 0 b and Ξ − b were consistent with both predictions and prior measurements [4] .
As described earlier, CDF uses 4.2 fb −1 of data to make a comprehensive reconstruction of b hadrons into J/ψ [15] . As shown in Fig. 7(a) where the latter is the first measurement of the Ω b lifetime. CDF also measures the relative production rate for 6 < p T (b baryon) < 20 GeV: Figure 9 compares the mass values measured by CDF and DØ with each other and with a number of more recent model-independent and lattice gauge theoretical predictions for the mass of Ξ b and Ω b [19] . Comparing the measured mass of the Ω b between CDF and DØ:
Comparison of Ω b Properties
which is a significant (approximately 6σ ) discrepancy. DØ's largest mass systematic uncertainty is ten times less than this difference. Comparing the signals, there is no significant indication of a mass peak at the CDF mass value in the DØ mass distribution, and vice versa. The DØ Collaboration is working on an update of this measurement with an increased data set that may help address this observed difference. The relative production rates in each case can also be compared. DØ measures [17] : This can be compared with CDF's relative production rate by taking the measured value of Eq. 6, the ratio of decay partial widths [20] , the CDF lifetime ratio, and an estimate f (b → Ω 
representing a difference of only 1.3σ between experiments, assuming Gaussian uncertainties.
CONCLUSIONS AND PROSPECTS
The resurgence of b hadron spectroscopy (and measurement of properties) continues as new b baryon states are discovered. There is excellent data-theory agreement for most of the new heavy b baryons. However, there exists a greater than 5σ discrepancy between DØ and CDF mass measurements, with the CDF measurement consistent with theoretical predictions. Many of these measurements are providing useful input and comparisons to potential models, HQET, lattice gauge calculations, and other QCD models. It is clear that heavy quark and light quark spectroscopy can benefit each other. Next good experimental prospects for heavy baryon spectroscopy include the possible observation of double heavy baryons, e.g., Ξ bc → J/ψΞ c (although heavy quark symmetry would then be lost, see Ref. [21] ) and new decay channels such as Ξ 0 b → Ξ + c π − , among others. The performance of the Tevatron collider has been excellent, with more than 7 fb −1 collected to date and expectations to almost double the data-set by the end of running in 2011. There are very good prospects for increasing the sample sizes of heavier b baryon states and for the discovery of even more states.
